Introduction

!
Superficial elevated epithelial neoplasias of the stomach can be broadly divided into early carcinomas (EC) and low grade adenomas (LGA). Early detection and curative treatment are the best strategies for gastric carcinomas, and the indications for endoscopic treatment for EC have been established through the introduction of endoscopic submucosal dissection (ESD) in Japan [1, 2] . However, therapeutic strategies for LGA, which is defined as a benign tumor, currently vary among facilities [3, 4] . Additionally, in contrast to gastric depressed epithelial neoplasias, which generally consist of carcinomas, the endoscopic discrimination of EC and LGA in superficial elevated epithelial neoplasias is difficult in the clinical setting. Although a biopsy method is considered an essential modality for making a differential diagnosis, we have often experienced that lesions diagnosed as LGA using preoperative biopsies were actually EC after removal by ESD. Indeed, several studies have indicated that preoperative biopsy sampling is inadequate for a correct diagnosis [5, 6] . Therefore, it is important for endoscopists to identify optical signs that can be used to discriminate EC and LGA without being solely dependent upon biopsy results. Recently, magnifying endoscopy with narrowband imaging (ME-NBI) has been reported as a useful modality for the accurate diagnosis of epithelial neoplasias in the stomach [7 -9] . Although several published reports have focused on the differential diagnosis between EC and LGA using ME-NBI [10 -13] , some of these studies have discriminated actual EC from LGA diagnosed using a preoperative biopsy and other studies have been conducted without distinction of the macroscopic Background and study aims: The aim of this study was to investigate the capability of magnifying endoscopy with narrow-band imaging (ME-NBI) to discriminate between early carcinomas (EC) and low grade adenomas (LGA) in gastric superficial elevated epithelial neoplasias. Patients and methods: We investigated 100 consecutive cases of gastric superficial elevated epithelial neoplasias that were removed using endoscopic submucosal dissection. The pathological diagnostic criteria were based on the revised Vienna classification; category 4 (mucosal high grade neoplasia) and category 5 (submucosal invasion by carcinoma) lesions were diagnosed as EC, whereas category 3 (mucosal low grade neoplasia) lesions were diagnosed as LGA. The associations between the postoperative pathological diagnoses and the ME-NBI findings were analyzed, and included the shape, specification, and area of irregularity in the microvascular architecture (MV) and the microsurface structure (MS). Results: Seventy-nine EC and 21 LGA cases diagnosed postoperatively were evaluated retrospectively. The lesion size (median; range (mm)) was significantly larger in the EC group (14; 2 -95) compared to the LGA group (5; 2 -16) (P < 0.001). Wavy forms in the MV shapes (P = 0.031), extension in the MV specifications (P = 0.035), and area with MV irregularity (P = 0.001) were found to be statistically significant predictive findings for EC. Villous forms in the MS shapes (P = 0.026), enlargement in the MS specifications (P = 0.044), and area with MS irregularity (P = 0.021) were also found to be statistically significant predictive findings for EC. The rates of preoperative sensitivity, specificity, and diagnostic accuracy of ME-NBI for discriminating EC were 86.1 %, 38.9 %, and 75 %, respectively. Conclusions: The present study suggests that ME-NBI is useful for the differential diagnosis of EC and LGA in gastric superficial elevated epithelial neoplasias.
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appearance of the lesions as elevated or depressed lesions. Namely, the characteristics of ME-NBI findings for EC with a superficial elevated gross appearance and the differential diagnosis between EC and LGA using ME-NBI have not yet been sufficiently investigated. The present study was conducted to investigate whether ME-NBI was useful for the differential diagnosis of EC and LGA in gastric superficial elevated epithelial neoplasias.
Methods
!
Subjects and materials
We examined a total of 100 superficial elevated gastric epithelial neoplasias, regardless of whether the preoperative diagnosis was EC or LGA by biopsy, in 91 consecutive patients who underwent ME-NBI followed by ESD during the period from October 2009 through March 2014 at the Yokohama City University Hospital. Superficial elevated lesions were defined as having a gross appearance with less than 3 mm elevation based on the Japanese classification of gastric carcinoma [1] . With regard to gross appearance, protrusions with 3 mm or greater elevation, lesions that were completely flat, depressed or ulcerated without any superficial elevated components, and predominantly depressed lesions with non-neoplastic elevated borders or a central elevation were not included. Additionally, local recurrent lesions and cases with a past history of surgical resection of the stomach were excluded even if their endoscopic appearances satisfied the criteria in terms of gross appearance.
Indications for ESD at our institution
The indications for ESD in cases of gastric epithelial neoplasias diagnosed as EC by preoperative biopsies were in accordance with the recommendations of Gotoda et al. [14] . All cases of gastric superficial elevated epithelial neoplasias diagnosed as LGA by preoperative biopsies were recommended to undergo ESD with sufficient informed consent. However, whether endoscopic resection or follow-up would be chosen was eventually left to the discretion of each patient.
Pathological investigation
All resected neoplasias were fixed in 10 % buffered formalin and segmented at 2-mm intervals. Each section was stained with hematoxylin and eosin and evaluated by two pathologists at our institution. The diagnoses were based on the revised Vienna classification (• " Table 1) [15] . For the purpose of this study, we recategorized the revised Vienna classification category 4 (mucosal high grade neoplasia) and category 5 (submucosal invasion by carcinoma) as EC, and category 3 (mucosal low grade neoplasia) as LGA.
Data analysis
The clinical and endoscopic characteristics were retrospectively reviewed for all patients using the proprietary database. The endoscopic image quality was evaluated by the three observers who were familiar with ME-NBI and accredited by the Japan Gastroenterological Endoscopy Society, and no patient was excluded from the present study because of poor endoscopic records. Additionally, the endoscopic findings were determined by consensus among the aforementioned three observers who were blinded to any preoperative or postoperative histological results. We assessed the clinical and endoscopic characteristics, which included age and sex, lesion location, lesion maximal diameter (mm), lesion color, and the following ME-NBI findings: the shape (closed loop, open loop, kinked, linear, wavy, branched, coiled, and dot) (• " Fig. 1 ), specifications (dilatation, narrowness, extension and caliber change) (• " Fig. 2 ), and area of irregularity of the microvascular architecture (MV) (• " Fig. 3 ), and the shape (circle, circles in villi, tubular, curved, oval, villous, polygonal, and amorphous) (• " Fig. 4 ), specifications (enlargement, miniature, and extension) (• " Fig. 5 ), and area of irregularity of the microsurface structure (MS) (• " Fig. 6 ). The definitions of the shape and specification of the MV/MS were as follows. Regarding the shape of MV -closed loop: a loop shape with closed circuit like a ring; open loop: a loop shape without closed circuit like the character "C"; linear: a straight shape and kinked: a straight shape with sharp bends. Regarding the shape of MS -circle: a small round shape which surrounds a round pit; circles in villi: accumulation of circular microsurface structures in villus-like component; curved: a crescent shape; and amorphous: disappearance of microsurface structures. The specifications of the MV/MS were judged compared with the background non-neoplastic mucosa. Regarding the specification of MV -dilatation: the presence of microvessels whose caliber is more than twice as thick as the caliber of the non-neoplastic microvessels; narrowness: the presence of microvessels whose caliber is less than half as thin as the caliber of the non-neoplastic microvessels; extension: the presence of microvessels whose length is more than twice as long as the length of the non-neoplastic microvessels; and caliber change: the presence of microvessels whose caliber becomes partially less than half or more than twice the size of the main size. Regarding the specification of MS -enlargement: the presence of MS whose width is more than twice as large as the width of the non-neoplastic MS; miniature: the presence of MS whose width is less than half as small as the width of the non-neoplastic MS; and extension: the presence of MS whose length is more than twice as long as the length of the non-neoplastic MS. The area of MV/MS irregularity was defined as having one of the following: non-uniformity, irregular arrangement or asymmetric distribution in middle-magnification images obtained using ME-NBI. The localized site was classified as the upper (U), middle (M) and lower (L) part by lines connecting the trisected points on the lesser and greater curvatures according to the Japanese classification of gastric carcinoma [1] . The lesion's maximal diameter was determined by measuring the resected specimen. Moreover, we also investigated the lesion size, which was divided into two groups: greater than or equal to 20 mm in diameter or less than 20 mm in diameter. The color of the lesion was classified as reddish or whitish compared with the surrounding non-neoplastic mucosa. We also investigated the relationship between the post ESD histological diagnoses (EC or LGA) and the aforementioned clinical and endoscopic characteristics.
Efficacy of each diagnostic modality for discriminating between EC and LGA
We conducted the following investigation to clarify the usefulness of ME-NBI findings for discriminating EC. We set up three diagnostic criteria for discriminating between EC and LGA in the superficial elevated-type gastric epithelial neoplasias as follows. 1. Preoperative biopsy criterion: all material in the present study had been diagnosed as EC or LGA by biopsy before ESD. 2. CE-WLI criterion: we defined "a lesion greater than 20 mm in diameter or a reddish-colored lesion" as EC when using conventional endoscopy with white light (CE-WLI) based on our previous research for differential diagnosis using CE-WLI in gastric superficial elevated epithelial neoplasias [16] . 3. Vessel plus surface (VS) classification criterion: we defined lesions as EC according to the diagnostic criterion proposed by Original article E1205 THIEME Yao et al. [7] , in which ME-NBI findings of EC include "the presence of an irregular MV pattern with a demarcation line (DL), the presence of an irregular MS pattern with a DL, or both". Additionally, the sensitivity, specificity, positive predictive value, negative predictive value, likelihood ratio of a positive test, likelihood ratio of a negative test, and diagnostic accuracy for the identification of EC were calculated for each diagnostic criterion.
Statistical analysis
We used Fisher's exact test for categorical comparison of the data. Differences for continuous data were compared using the MannWhitney U test. The level of significance was set at P < 0.05. All of the statistical analyses were performed using IBM SPSS Statistics 22 (IBM Co., Chicago, Illinois, United States) and EZR (Saitama Medical Center, Jichi Medical University, Japan) [17] . Fig. 4 Eight patterns of the microsurface structure (MS) shape using ME-NBI. Original article E1206 THIEME
Ethics
The present study, under clinical trial registry number UMIN000012925, was conducted in accordance with the Declaration of Helsinki. The institutional review board of Yokohama City University Hospital approved the study protocol. Informed consent was obtained from all participants not only for the endoscopic treatment but also for the use of the patients' clinical data for research purposes.
Results
!
Among 100 epithelial neoplasias from 91 patients, 21 were diagnosed as LGA (category 3 of the revised Vienna classification) after ESD. Additionally, 79 lesions were diagnosed as EC, and of these, 77 displayed mucosal high grade neoplasias (27 category 4.1, 40 category 4.2, 3 category 4.3, and 7 category 4.4), and 2 displayed submucosal invasive neoplasias (category 5).
• " Table 2 shows comparisons of the clinical characteristics and the CE-WLI findings between the patients with EC and LGA. The results of the univariate analysis showed that the maximal lesion diameter was significantly greater in EC than in LGA cases (P < 0.001). When lesions were divided into a group with a diameter greater than or equal to 20 mm and a group with a diameter less than 20 mm, there were also significant differences between EC and LGA (P = 0.005).
• " Table 3 shows comparisons of the MV shapes observed using ME-NBI between EC and LGA. As for the MV shapes, the frequency of a wavy form was a significant predictive factor for EC (P = 0.031).
• " Table 4 shows the results of the univariate analysis of the MV specifications and the area of MV irregularity when using ME-NBI to compare EC and LGA. From these results, the frequency of extension in the MV specifications and the area of MV irregularity were significant predictive factors for EC (P = 0.035 and P = 0.001, respectively).
• " Table 5 shows a comparison of the MS shapes observed using ME-NBI between EC and LGA. As for the MS shapes, the frequency of a villous form was a significant predictive factor for EC (P = 0.026).
• " Table 6 shows the results of the univariate analysis of MS specifications and the area of MS irregularity using ME-NBI to compare EC and LGA. From these results, the frequency of enlargement in the MS specifications and the area of MS irregularity were significant predictive factors for EC (P = 0.044 and P = 0.021, respectively).
Additional study
According to the study results described above, we proposed "complex pattern criterion" for discriminating EC using ME-NBI. Namely, we defined lesions as EC, in which ME-NBI findings of EC included "the presence of a wavy form in the MV shapes, the Table 2 Univariate analysis of the clinical characteristics and the conventional endoscopy with white light (CE-WLI) findings in cases with superficially elevated lesions diagnosed as EC and LGA (n = 100).
EC (n = 79)
LGA (n = 21) P value Table 3 Univariate analysis of the microvascular architecture (MV) shapes observed using magnifying endoscopy with narrow-band imaging (ME-NBI) in cases with superficially elevated lesions diagnosed as EC or LGA (n = 100).
LGA (n = 21) P value Table 6 Univariate analysis of the MS specifications and areas with MS irregularity observed using ME-NBI in patients with superficially elevated lesions diagnosed as EC or LGA (n = 100).
LGA (n = 21) P value presence of a villous form in the MS shapes, or the presence of an area with MV/MS irregularity" (• " Fig. 7 ). In the cases where ME-NBI findings varied partially in a lesion, we diagnosed the lesion as EC if even a part of a positive finding of the complex pattern criterion was present.
• " Table 7 shows the diagnostic efficacy of each of the diagnostic modalities for discriminating between EC and LGA, including the preoperative biopsy criterion, CE-WLI criterion, VS classification criterion, and complex pattern criterion (• " Table 7 ). The diagnostic modalities using ME-NBI, namely the VS classification criterion or complex pattern criterion, showed greater sensitivity and diagnostic accuracy for discriminating EC compared with the other modalities.
Discussion
!
This study focused on the gross appearance of superficial elevated lesions because of the difficulty in the differential diagnosis between EC and LGA in the clinical setting; this limitation is in contrast to cases of depressed gastric epithelial neoplasias, which are almost always carcinomas.
LGA may also present with a depressed appearance, but such cases are relatively rare and their malignant potential is generally considered to be greater than that of the elevated type [18, 19] . Conversely, gastric superficial elevated epithelial neoplasias include not only cases of LGA but also many cases of EC. Biopsy is an essential method to differentiate between carcinomas and adenomas; however, we frequently encounter inconsistencies between the histological findings from biopsy specimens and resected specimens. The reason for an imprecise diagnosis from biopsy specimens is that parts of the carcinoma may not be included in the sampling or that small biopsy samples often do not contain enough tissue for the correct identification of malignancy. Additionally, several studies have indicated that the diagnostic precision of biopsy for gastric epithelial neoplasias is insufficient [5, 6] . The recent introduction of advanced technologies, such as ME-NBI, has facilitated visualization of the MV below the mucosal epithelium as well as MS of the mucosal epithelium. Due to the incorporation of these visualized microanatomies, the usefulness of ME-NBI for the discrimination between cancerous and noncancerous lesions in the stomach has frequently been reported [7 -9] . However, most of these studies were conducted with flat or depressed lesions, and the usefulness of ME-NBI for superficial elevated lesions has not yet been sufficiently investigated. From experience with ME-NBI in practice, ME-NBI findings of EC cases with flat or depressed gross appearances show both disordered irregularity in the MV and obscurity or apparent irregularity in the MS, whereas those with superficial elevated gross appearances frequently show both a mesh-patterned MV or various shaped MV in a glandular structure and well-bordered shapes in the MS. Therefore, we frequently face the difficulty of distinguishing between EC and non-cancerous lesions (including LGA) in superficial elevated lesions. Currently, there are several published reports of studies focusing on the differential diagnosis of gastric superficial elevated epithelial neoplasias between EC and LGA using ME-NBI [10 -13] . Nakamura et al. investigated the differences of incidence of the ME-NBI findings, which were divided into superficial structures (SSs) and irregular microvascular patterns (IMVPs), between EC and LGA [10] . Nonaka et al. evaluated whether the tumor typing by ME-NBI that they proposed is useful for the differential diagnosis of EC and LGA [11] . These findings are partially similar to our results, however, our ME-NBI findings to predict EC in gastric superficial elevated epithelial neoplasias are what were derived from comparisons of the various MV/MS shapes or specifications Original article E1208 THIEME between EC and LGA. Additionally, these data cannot easily be compared to the findings in the present study because some of these earlier studies investigated gastric epithelial neoplasias that had been diagnosed as LGA based on preoperative biopsies but were identified as EC or LGA after ESD, occasionally without strict distinction of the macroscopic appearance of elevation or depression. Meanwhile, in the present study, 100 consecutive cases of gastric superficial elevated epithelial neoplasias (79 EC and 21 LGA) were evaluated retrospectively to clarify the characteristics of the ME-NBI findings for discriminating EC from LGA, regardless of whether the preoperative diagnosis was EC or LGA. The present study revealed that wavy MV shapes, extensions in MV specifications, villous MS shapes, enlargement in MS specifications, and areas with MV or MS irregularity were useful ME-NBI findings for discriminating between EC and LGA in gastric superficial elevated lesions. We defined a complex pattern for the identification of EC as follows. ME-NBI findings of EC included the presence of a wavy form in the shape of the MV, the presence of a villous form in the shape of the MS, or the presence of an area with MV/MS irregularity. As a result, MV specifications required an extension when the MV shapes showed a wavy form, and MS specifications required an enlargement when the MS shape showed a villous form. We also investigated why MV/MS irregularities on ME-NBI findings were more frequently observed in EC than LGA. When considering the histological structure, the epithelial glands usually have a narrow width and are arranged in an orderly fashion in LGA, whereas these glands are quite often formed non-uniformly and are arranged in a disorderly manner in EC. In addition, angiogenesis is a well-known and important factor in gastrointestinal carcinogenesis and tumor progression [20, 21] . From these findings, differences in the histological structure and angiogenesis between EC and LGA may produce different ME-NBI findings when the surface of a lesion is observed vertically. Yao et al. proposed a diagnostic system called the VS classification system for differentiating between cancerous and noncancerous lesions, in which the ME-NBI findings of EC include the presence of an irregular MV pattern with a demarcation line (DL), the presence of an irregular MS pattern with a DL, or both [7] . Based on this VS classification, several studies have reported good outcomes for the differential diagnosis of gastric lesions [9, 22, 23] . In research similar to our study, Maki et al. retrospectively analyzed the ME-NBI findings of 93 gastric superficial elevated lesions (61 EC and 32 LGA) resected by endoscopic resection, and these authors reported that the sensitivity, specificity, and accuracy of endoscopic diagnosis using VS classification was 95 %, 88 %, and 92 %, respectively [24] . Conversely, these measures using endoscopic diagnosis and the complex pattern criterion based on our results were 86.1 %, 38.9 %, and 75 %, respectively. In comparison, using the VS classification system, these measures were 84.8 %, 47.6 %, and 77 %, respectively, in the present study. The reason for this difference in diagnostic efficacy between the previous report and the present study remains unclear. However, we speculate that the discrepancies in these results are likely due to the retrospective nature of our study. There are several limitations to this study. The main limitation was that it was a cross-sectional retrospective study, and the endoscopic images that were reviewed retrospectively might be insufficient for the qualitative diagnosis of gastric superficial elevated neoplasias. Regarding the judgment for EC, when we encountered a lesion having different ME-NBI findings in each of its parts, we diagnosed the lesion as EC even if a part of a positive finding of the complex pattern criterion was present. The exact number of lesions having both positive and negative findings of complex pattern criterion within the same lesion was unknown in the present study, because this study was a retrospective analysis. This may have affected the results of the present study. Additionally, our sample size was relatively small, and the number of LGA cases was only 21. Therefore, retrospective analysis of the prevalence of EC in the present study could account for the difference in the diagnostic efficacy between the previous report and the present study. In the future, further investigation should be conducted in an adequate study design. Despite these limitations, the present study provided the characteristics of ME-NBI findings for EC with a superficial elevated gross appearance, and suggested the usefulness of ME-NBI for the differential diagnosis of EC and LGA in gastric superficial elevated epithelial neoplasias.
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